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Method and apparatus for cooling molten filaments in spinning apparatus. 
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(g) A method for cooling molten filaments in a spinning 
apparatus where, a plurality of molten filaments extruded from a 
die are cooled by cooling air blown out from a cooling apparatus 
and are taken up with a draft, wherein the temperature and/or 
volume of the cooilng air blown from the cooling apparatus is 
controlled so that the cooling is performed stronger, in stages 
or continuously, from upstream to downstream. 
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Description , . ; 

METHOD AND APPARATUS FOR COOLING MOLTEN FILAMENTS IN SPINNING APPARATUS 



BACKGROUND OF THE INVENTION 

5 

1. Field of the Invention 

The present invention relates to a method for 
cooling a plurality of molten filaments comprised of a 
thermoplastic resin extruded from dies and to an 
apparatus for carrying out that method. 10 

2. Description of the Related Art 

Figure 3 shows a spinning apparatus for filaments 
comprised of polyethylene, polypropylene, or other 
thermoplastic resins. In this apparatus, a plurality of 15 
molten filaments 2 extruded from a die 1 are cooled 
by cooling air blown from a cooling apparatus 3 and 
then taken up with a draft. The cooling apparatus 3 
comprises a chimney 4 connected to a die 1 in a 
manner so as to surround the molten filaments 2 and 20 
a gas temperature adjustment apparatus 5 com- 
posed of coolers. The apparatus 5 cools the cooling 
air to the desired temperature and the cooling air is 
fed to the chimney 4 by a fan 6 and is blown from the 
inner peripheral surface thereof through a filter 7. 25 
Reference numeral 8 is an exhaust fan. 

In the cooling of molten filaments, if the tempera- 
ture of the cooling air is lowered or the air flow rate is 
increased so as to rapidly cool the filaments, only the 
surface of the filaments will be cooled and solidified. 30 
If a draft is applied to the filaments in that state, the 
filaments will melt and break or the elasticity, tensile 
strength, and other physical properties of the yarn 
will be lowered. 

Conversely, if the filaments are gradually cooled, 35 
the filaments tend to adhere to each other and, 
further, the cooling zone must be made longer, and 
thus the size of the apparatus is necessarily 
increased. 

Even if the spinning speed is increased or 40 
changed, if the cooling is carried out without 
changing the length of the cooling zone, a rapid 
cooling becomes necessary, and thus the problems 
discussed above will arise. 

45 

SUMMARY OF THE INVENTION 

Accordingly, an object of the present Invention is 
to obviate the above-mentioned problems, caused 
by a too rapid or gradual cooling of the filaments. 

Other objects and advantages of the present 50 
invention will be apparent from the following descrip- 
tion. 

In accordance with the present invention, there Is 
provided a method of cooling molten filaments in a 
spinning apparatus, where a plurality of molten 55 
filaments extruded from a die are cooled by cooling 
air blown out from a cooling apparatus and are taken 
up with a draft, wherein the temperature and/or 
volume of the cooling air blown from the cooling 
apparatus is controlled so that the cooling is 60 
performed stronger, in stages or continuously, from 
upstream to downstream. 

in accordance with the present invention, there is 



also provided a cooling apparatus in a spinning 
apparatus where a plurality of molten filaments 
extruded from a die are cooled by cooling air blown 
from a cooling apparatus and are taken up with a 
draft, and wherein (i) a plurality of cooling appara- 
tuses with different temperatures and/or volumes of 
the cooling air are connected so that the cooling is 
performed stronger in the downstream stages, or (ii) 
there is provided a heater in the flow path of the 
cooling air with the pitch of the heating wires is made 
closer upstream so as to gradually increase the 
amount of heat generated, or (Hi) the flow path of the 
cooling air is formed so as to be gradually narrower 
in the upstream direction or is formed so as to 
gradually increase the pressure loss. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be better understood 
from the description set forth below with reference 
to the accompanying drawings, in which: 

Figure 1 is a schematic view of a spinning 
apparatus provided with a cooling apparatus 
according to a first embodiment of the present 
invention; 

Fig. 2 is a schematic view of a spinning 
apparatus provided with another cooling ap- 
paratus; and 

Fig. 3 is a schematic view of a conventional 
spinning apparatus. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

According to the present invention, the above- 
mentioned problems can be solved by controlling 
the temperature and/or volume of the cooling air so 
that the cooling is performed stronger, in stages or 
continuously, from upstream to downstream of the 
filament flow. - 

The easiest way to change the cooling in stages 
and the easiest in terms of control is to divide the 
cooling zone into several sections, a cooling 
apparatus is provided for each section, and the 
cooling by the apparatus is made stronger in the 
downstream direction. 

To change the cooling continuously, it is possible 
to adopt, for example, a method of arranging a 
heater in the flow path of the cooling air, and the 
pitch of the heating wires is made closer in the 
upstream direction so as to gradually increase the 
amount of heat generated, whereby the cooling air is 
warmed by contact with the heater and then blown 
or a method of forming the flow path of the cooling 
air is gradually narrowed in the upstream direction or 
the pressure loss is gradually increased to gradually 
reduce the amount of air upstream of the filament 
flow. 

Further, when changing the spinning speed is 
changed, the degree of strength of the cooling can 
be changed. 

Although the temperature and volume of air for 
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cooling largely depend tHBthe materials to be 
"extrdded, the temperature or the molten filaments, 
and the extrusion rate, the temperature of the 
cooling air is preferably -20°C to 140°C, more 
preferably 0 to 100° C, and the volume of the cooling 
air to be blown is preferably 2 to 40 m 3 /kg, more 
preferably 5 to 25 m 3 /kg The materials to be 
extruded include, for example, polyethylene, poly- 
propylene and other thermoplastic resins. 

The molten filaments extruded from the die are 
cooled weakly at the upstream portion of the cooling 
zone and strongly at the downstream portion 
thereof. When the cooling is weak, the temperature 
difference of the filament surface and interior is 
made small and the draft is applied in that state to 
ensure that, a uniform draft is applied, whereby the 
elasticity, tensile strength, and other physicaJ 
properties of the filaments are improved, and melting 
and breaking occur with difficulty. Further, at the 
downstream side where the filaments are taken up, a 
strong cooling is performed for solidification, so 
adhesion between filaments occurs with difficulty. 
Thus, it is possible to make the cooling zone shorter 
than with gradual cooling of the whole. 

If the spinning speed is increased, it is possible to 
avoid rapid cooling by increasing the ratio of the 
weak cooling in the cooling zone. Note that when the 
spinning speed is reduced, there is no problem if the 
ratios of the strength of the cooling are varied. 

Embodiments 

Figure 1 shows a first embodiment of two-stage 
cooling apparatus according to the present inven- 
tion, having the same construction as that of the 
cooling apparatus 3 provided in the spinning 
apparatus as shown in Fig. 3, except for the filter at 
the bottom of the cooling apparatus 3, i.e., is 
comprised of a chimney 12 and a gas temperature 
adjustment apparatus 13 comprised of coolers. The 
said apparatus .sends the cooling air, cooled to a 
desired low temperature by the top stage gas 
temperature adjustment apparatus 13, to the chim- 
ney 12 by the fan 14 and connects this to a cooling 
apparatus 11 so that it is blown out from the inside 
peripheral surface. It blows out relatively high 
temperature cooling air from the top stage and 
relatively low temperature cooling air from the 
bottom stage thus slowly cooling the molten 
filaments 2 at the top stage and rapidly cooling them 
at the bottom stage. 

For example, when polyethylene is used, the 
preferable cooling conditions are as follows: 
Top stage: 30° C x 8 m 3 /kg 
Bottom stage: 10°C x 8 m 3 /kg 

In the above-mentioned embodiment, the tern* 
perature of the cooling air blown out from the 
bottom stage is made lower than that at the top 
stage, but it is also possible to change the air 
amounts of the fans 6 and 14 so as to increase the 
amount of air of the bottom stage over the top stage 
and further possible to change both the temperature, 
and air amount of the top and bottom stages. 

A typical example of the cooling condition when 
polyethlene is used is as follows: 
Top stage: 20° C x 4 m 3 /kg 
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Bottom stageHMc x 8 m 3 /kg 

The embodiment shown in Fig. 2 is comprised in 
the same way as the apparatus shown in Fig. 1 
outside of the fact that the fan 6 in the apparatus 
5 shown in Fig. 1 is made an exhaust fan and the 
cooling air of the bottom stage is exhausted from the 
fan 16, heated by the heater 17, then blown out from 
the top stage. As a result, cooling air of a relatively 
higher temperature is blown out from the top stage 
10 and cooling air of a relatively lower temperature is 
blown out from the bottom stage. 

The above-mentioned embodiment shows an 
example where two cooling apparatuses are con- 
nected for two-stage cooling, but in another embodi- 
15 ment three or more cooling apparatuses may be 
connected for multi-stage cooling and in still another 
embodiment heating wires may be wound around 
the internal peripheral surface of the chimney and 
the pitch made gradually closer upstream so as to 
20 heat the cooling air and give it a temperature 
gradient so that the temperature gradually fails 
downstream, whereby- therrcooling can be made 
continuously stronger downstream. Further, in an- 
other embodiment, the flow path of the cooling air 
25 can be formed to be gradually narrower upstream or 
formed so that the pressure loss gradually in- 
creases, thereby gradually decreasing the amount of 
the cooling air upstream. 
As mentioned above, according to the method of 
30 claim 1 , the cooling is made performed weaker at the 
upstream side and stronger at the downstream side, 
thereby improving the elasticity, tensile strength, 
and other physical properties of the filaments 
without enlarging the apparatus and further making 
35 molten breakage difficult and preventing mutual 
adhesion of filaments. 

According to the method of claim 2, even if the 
spinning speed is changed to make it faster, the ratio 
of the weaker portion of the cooling at the cooling 
40 zone can be increased so as to avoid rapid cooling 
or elongation of the cooling zone. 

In the cooling apparatus of claim6 , a plurality of 
cooling apparatuses ■ are^connected so as to 
strengthen the cooling in stages downstream. 
45 In the cooling apparatus of claim7 , the tempera- 
ture of the cooling air can be given a temperature 
gradient descending in the downstream direction 
and the cooling can be made continuously stronger 
downstream. 

50 In the cooling apparatus according to claim 8, the 
volume of the cooling air can be gradually increased 
downstream and thus the cooling can be made 
continuously stronger downstream. 

55 

Claims 

1. A method of cooling molten filaments in a 
spinning apparatus, where a plurality of molten 

60 filaments extruded from a die are cooled by 

cooling air blown out from a cooling apparatus 
and are taken up with a draft, comprising 
controlling the temperature and/or volume of 
the cooling air blownafrom the cooling appara- 

65 tus so that greater cooling is performed in 
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downstream parts of the filament path than In 
upstream parts. 

2. A method of cooling molten filaments as 
claimed in claim 1, wherein the degree of the 
cooling is changed by changing the spinning 5 
speed. 

3. A method according to claim 1 or 2 wherein 
the change in cooling rate is continuous. 

4. A method according to claim 1 or 2 wherein 

the change in cooling rate is stepwise. 10 

5. A cooling apparatus in a spinning appara- 
tus where a plurality of molten filaments 
extruded from a die are cooled by cooling air 
blown from the cooling device and taken up 

with a draft, the cooling device being adapted to 15 
perform greater cooling in downstream parts of 
the filamant path than in upstream parts. 



6. A cooling apparatus according to claim 5 
wherein a plurality of cooling devices with 
different temperatures and/or throughput vol- 
umes of the cooling air are provided in 
succession along the filament path. 

7. A cooling apparatus according to claim 5 
wherein there is provided a heater in the flow 
path of the cpQ!jng,air with the pitch of the 
heating wires closer In the upstream part of the 
filament path. 

8. A cooling apparatus according to claim 5, 6 
or 7 wherein the flow path of the cooling air is 
formed so as to be more restricted in the 
upstream parts of the filament path or is formed 
so as to have increased pressure loss in those 
parts. 
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